Peptic ulcer disease and gastric dispepsia-associated with chronic use of therapeuticals such as nonsteroidal anti-inflammatory drugs (NSAIDs) and anticancer agents are the two major causes that adversely affect the life quality. Presently used antisecretory agents like proton pump inhibitors may represent a key option in peptic ulcer therapy 1) but their prolonged use seems to be associated with high incidence of hip fractures.
In several parts of Brazil, tea or decoction prepared from the flower buds of Egletes viscosa (Asteraceae) is a popular remedy for the treatment of digestive and intestinal problems. 13) Phytochemical studies on flower buds revealed the presence of diterpene compounds, centipedic acid (CPA) and 12-acetoxy-hawtriwaic acid lactone (tanabalin), and a tetramethoxy flavone, ternatin. 14) Pharmacological investigations identified the anti-inflammatory, hepatoprotective, antidiarrhoeal and gastroprotective properties of ternatin. 15, 16) In a previous study, we established the gastroprotective effects of both CPA and tanabolin against indomethacin and ethanolinduced gastric lesions, validating the traditional use of E. viscosa. 17) However, the gastroprotective mechanisms were not elucidated. Experimental and clinical evidence suggests that oxidative stress and increased acid secretion play a pivotal role in the etiopathology of gastric ulcer disease and antioxidants and antacid agents can afford gastric cytoprotection.
18) The present study was mainly aimed to probe into the gastroprotective mechanisms of CPA, using the mouse model of gastric damage induced by 96% ethanol to study the role of oxidative stress and capsaicin-sensitive sensory afferents and the 4-h pylorus-ligated rat to verify whether or not it modulates gastric acid secretion. (#16327) has been deposited at the Herbário Prisco Bezerra of the same University. CPA was extracted and isolated from the dried plant material as per procedures described earlier 14) ( Fig. 1) .
MATERIALS AND METHODS

Plant
Chemicals and Drugs
The following drugs and chemicals were used: absolute ethanol (EtOH; BDH, U.K.); N wnitro-L-arginine methyl ester (L-NAME), N-acetylcysteine (NAC), capsaicin, capsazepine, clonidine, yohimbine, diazoxide, glibenclamide, glutathione, thiobarbituric acid (Sigma Chemical Company, St. Louis, MO, U.S.A.); indomethacin (Indocid ® , Merck Sharp & Dohme, Brazil), misoprostal (Cytotec ® , Continental Pharma, Italy), and cimetidine (Tagamet ® SmithKline, Rio de Janeiro, Brazil). All other chemicals used were of analytical reagent grade (Merck). CPA was first dissolved in DMSO and subsequently diluted in distilled water and the resulting solutions of CPA did not exceed concentration of DMSO beyond 2%. Other drugs were dissolved either in physiological saline or distilled water. Drug concentrations were adjusted for treatment to give a volume of 10 ml/kg. In pilot studies 2% DMSO (vehicle) demonstrated no per se effect or influence on the ulcerogenicity of ethanol.
Animals Male Swiss albino mice (20-25 g ) and male Wistar rats (150-160 g) obtained from the Central Animal House of Federal University of Ceará were used. They were housed in environmentally controlled conditions (22Ϯ2°C, 12-h light-dark cycle), with free access to standard pellet diet (Purina do Brasil LTDA, São Paulo, Brazil) and water ad libitum. Animals were kept in cages with raised floors to prevent coprophagy. They were fasted over a period of 15 h and were habituated to the test environment for 2 h before the experimentation. The experimental protocols were approved by the Animal Care and Use Committee of the Federal University of Ceará in accordance with the ethical guidelines of National Institute of Health, Bethseda, U.S.A.
Effect of CPA on Ethanol-Induced Gastric Damage Acute gastric lesions were induced in mice (nϭ8/group) by intragastric administration of absolute ethanol (96%) in a volume of 0.2 ml using orogastric metal tube. 19) CPA dissolved in DMSO (2% in distilled water as vehicle) was administered at oral doses of 25, 50, and 100 mg/kg, 60 min before ethanol application. Vehicle (2% DMSO), NAC (300 mg/kg, i.p.), and cimetidine (100 mg/kg, p.o.)-treated groups were included as negative and positive controls. Thirty minutes after ethanol administration, the animals were killed by cervical dislocation, the stomachs were removed, opened along the greater curvature and the area of gastric lesions was measured by planimetry, using a transparent grid. The lesion area in each animal was measured in mm 2 and was expressed in percentage (%) in relation to total area of corpus.
In mechanistic studies, separate experiments were realized to examine the role of capsaicin-sensitive gastric efferents, prostaglandins, nitric oxide, and K 
.).
The dose selection for these agonists and antagonists were based on our pilot experiments and on literature findings. In each case, animals were pretreated with the specific antagonist 15 min before the use of corresponding agonist or CPA.
Estimation of Nonprotein Sulfhydryls (NP-SH) and Thiobarbituric Acid-Reactive Substances (TBARS)
Ethanol is known to deplete NP-SH (reduced glutathione) and promote lipid peroxidation with a resulting increase in TBARS, and cytoprotection is mediated by sulfhydryl compounds. 20) Therefore, their levels in gastric tissue were analysed by spectrophotometric methods to study the nature of gastroprotection by CPA against ethanol-induced gastric mucosal damage. Groups of mice were pretreated with CPA (50 mg/kg, p.o.), NAC (300 mg/kg, i.p.), or vehicle (2% DMSO) 60 min before ethanol. A normal control group that received only saline but not ethanol was also included. Thirty minutes after ethanol, the animals were killed and a glandular segment from each stomach was homogenised in 5 ml icecold sodium EDTA (0.02 M, pH 8.9). Reduced glutathione (NP-SH) in stomach homogenates was determined based on the development of a yellow colour when DTNB is added to compounds containing sulfhydryl groups was measured spectroscopically. 21) The absorbance values obtained at 412 nm were extrapolated from a glutathione standard curve and expressed in mg/g of stomach tissue. The gastric tissue lipid peroxidation as evidenced by the formation of TBARS was determined at 532 nm in homogenates according to a previously described method.
22) The pink coloured chromogen formed by the reaction of 2-thiobarbituric acid with the breakdown products of lipid peroxidation was read at 535 nm and expressed as mM/g.
Gastric Secretion in 4-h Pylorus-Ligated Rats Gastric acid secretion was stimulated by a 4-h pylorus-ligation. 23) Groups of rats (nϭ6) fasted for a 24 h period were anaesthetised with diethyl ether, the abdomen was incised, and the pilorus ligated. CPA (50 mg/kg, p.o.), cimetidine (100 mg/kg, p.o.) or vehicle were administered intraduodenally, immediately after pylorus ligation. Four hours after pylorus ligation, the rats were killed, stomachs were removed, gastric contents were collected and centrifuged at 3500 rpm for 15 min. The supernatant volume (ml) was measured and total acidity was determined by titration with 0.1 N NaOH using 2% phenolphthalein indicator, and the results were expressed as mEq/h. Data Analysis The data are presented as meanϮS.E.M. of 6-8 animals per group and the statistical significance between groups was analyzed by one-way analysis of variance (ANOVA) followed by Student-Newman-Keul's test. The differences between groups were regarded as significant at pϽ0.05.
RESULTS
Effect of CPA and NAC on Ethanol-Induced Gastric Damage
The effect of CPA on gastric lesions induced by absolute ethanol is shown in Fig. 2 . Ethanol induced an in- . Compared to controls that received the vehicle, CPA-treated groups of mice displayed marked and dose-dependent protection against ethanol-damage. At the test doses of 25, 50, and 100 mg/kg, the reductions in gastric damage were in the order of 18, 53, and 79%, respectively. A higher dose (Ͼ100 mg/kg) of CPA did not cause further improvement in its gastroprotection against ethanol injury (data not shown). Among the reference standards included in the study, while NAC showed a 50% inhibition on ethanol-induced gastric lesions, cimetidine failed to produce any significant effect. However, the inhibitory effect of CPA at 100 mg/kg appeared much greater (79%) than to NAC, a known antioxidant tested at the dose of 300 mg/kg.
Effect of CPA on Ethanol-Induced Levels of Gastric NP-SH in Mice and on Gastric Secretion in Pylorus-Ligated Rats Since 50 mg/kg CPA offered a ca. 50% protection, this dose was selected to study its influence on ethanolinduced depletion of gastric NP-SH in mice and on gastric secretion in 4-h pylorus-ligated rats. Ethanol significantly depleted gastric NP-SH in control mice that received the vehicle (213.9Ϯ15.9 mg/g), when compared to basal value seen in saline-treated normal control (428.0Ϯ42.1 mg/g), (Fig. 3A) . In contrast, ethanol-induced depletion of NP-SH was significantly less in animal groups treated with CPA (366.3Ϯ31.1 mg/g), or NAC (304.1Ϯ21.6 mg/g), a sulfhydryl donor. The effect of CPA and NAC on ethanol-induced changes in TBARS content of gastric tissues is shown in Fig.  3B . While ethanol significantly enhanced the TBARS level (90.3Ϯ10.3 mM) as compared to values seen in normal controls (54.5Ϯ6.2 mM), pretreatment of animals with CPA (37.6Ϯ3.2 mM) or NAC (31.7Ϯ4.7 mM) resulted in marked suppression of ethanol-induced increases in TBARS, indicating that these agents suppress lipid peroxidation. Figure 4 depicts the effects of CPA (50 mg/kg, p.o.) and cimetidine (100 mg/kg, p.o.) on gastric secretory volume and total acidity in 4-h pylorus-ligated rats. In vehicle-treated controls, the gastric secretion volume and total acidity were 4.7Ϯ0.4 ml and 128.9Ϯ9.4 mEq/h), respectively. CPA (50 mg/kg) treatment caused marked diminutions in 4-h pylorus-ligation associated increases of gastric secretory volume (2.6Ϯ0.3 ml) and total acidity (55.5Ϯ15.6 mEq/h), whereas cimetidine decreased only the total acidity (27.3Ϯ3.7 mEq/h), but not the secretory volume (3.6Ϯ0.6 mEq/h).
Effect of Capsazepine, L-NAME, Indomethacin and Glibenclamide on the Gastroprotection Afforded by CPA
Like CPA, all the agonists, capsaicin, misoprostol, L-arginine, and diazoxide afforded gastroprotection to a variable extent against ethanol (96%)-induced gastric lesions in mice (Tables 1-4 ). Both capsaicin (5 mg/kg, p.o.) and CPA (50 mg/kg, p.o.) were able to prevent significantly the ethanol damage ( Table 1 ). The protective effect of capsaicin but not of CPA was significantly prevented by capsazepine (5 mg/kg, p.o.). Likewise, pretreatment of mice with indomethacin (10 mg/kg, p.o.) also significantly abrogated the protective action of CPA as well as that of misoprostal almost to a similar extent (Table 3) . Pretreatments with L-NAME (20 mg/kg, i.p.), the NOS inhibitor or glibenclamide (5 mg/kg, p.o.), the K ϩ ATP channel blocker resulted in more effective blockade of gastroprotection afforded by respective agonists L-arginine and diazoxide and of CPA as well (Tables 2, 4). 
DISCUSSION
The present investigation confirms our earlier observation on the gastroprotective effect of CPA, a linear diterpenoid isolated from the flower buds of Egletes viscosa. At oral doses of 25-100 mg/kg, CPA dose-dependently prevented the ethanol-induced acute hemorrhagic mucosal lesions of the glandular region of the stomach. It has been firmly established that oxidative stress and impaired prostaglandin synthesis contribute to gastric mucosal damage in experimental models of gastric lesions induced by ethanol. 24) In this study, CPA significantly replenished the ethanol-induced gastric wall NP-SH depletion and greatly diminished the lipid peroxidation as evidenced by decreased TBARS, suggesting its capacity to prevent oxidative stress. It was reported that in humans, a reduction in gastric glutathione can occur following ethanol consumption and glutathione pretreatment could subside the gastric damage. 25) In this study, similar to NAC, a donor of sulfhydryls, CPA significantly replenished the ethanol-associated decrease in NP-SH (reduced glutathione). Therefore, it is conceivable that it is endowed with antioxidant property.
Some plant-derived substances have been shown to attenuate ethanol-and stress-induced gastric lesions via activation of prostaglandin, nitric oxide and sensory nerve pathways and thus improving the microcirculation. 26, 27) The results obtained in this study clearly show that CPA simulates the gastroprotection seen in mice treated with the TRPV1-receptor agonist capsaicin, prostaglandin analogue misoprostal, NOSagonist L-arginine, or K ϩ ATP channel opener diazoxide. On the basis of the results obtained, showing that CPA exerts a gastroprotective effect against ethanol-induced lesions, we studied the mechanisms involved in such activity. Capsaicin is the active component of red hot peppers, which modifies specifically the capsaicin-sensitive sensory afferent nerves. It has been shown that capsaicin-sensitive afferent fibers play a crucial role in acute gastroprotection. Activation of sensory neurons by compounds like capsaicin causes the release of neuropeptides such as calcitonin gene-related peptide (CGRP), increased production of nitric oxide through activation of constitutive nitric oxide synthase, with a consequent increase in mucosal blood flow that renders the stomach less susceptible to damage. 28) However, in the present work, capsazepine, a TRPV1-receptor antagonist produced no significant blockade of CPA gastroprotection, suggesting that additional mechanisms may be involved in its gastroprotective action.
Prostaglandins are of particular importance for the maintenance of gastric mucosal integrity when neuronal defense mechanisms are impaired. 29) Among the various factors involved in the maintenance of gastric mucosal integrity and protection against ethanol-injury, we focused the attention on the contribution of endogenous nitric oxide (NO) or prostaglandins (PG) in the gastroprotective activity of CPA. The ability of CPA to protect against indomethacin-induced gastric ulcers 17) may be due to enhanced synthesis of prostaglandins, and or reduced acid output observed in our pylorus-ligated rat model. It significantly reduced basal gastric secretory volume as well as titrable acidity, simulating the action of prostaglandin. 30) Gastric acidity although does not have a prominent role in ethanol-induced mucosal injury, the present finding that CPA reduces gastric acidity has relevance for its protection against indomethacin. 17) Since the protection afforded by CPA is additionally indomethacinand L-NAME-sensitive, it is suggested that under these conditions endogenous prostaglandins and nitric oxide act as activators of K ϩ ATP channels, 29, 31) and this mechanism, at least in part, mediates gastroprotection. The more effective blockade of CPA gastroprotection by K ϩ ATP channel blocker glibenclamide confirms this view.
In this study, treatment with CPA afforded much greater gastroprotection than to NAC, a known antioxidant against ethanol damage, possibly due to some additional actions. The gastroprotective effect of CPA must be a result of an increased bioavailability of mucosal sulfhydryls, endogenous prostaglandins, nitric oxide release and potassium channel activation as it was largely mitigated in animals pretreated with L-NAME, glibenclamide, and indomethacin, the respective inhibitors of NOS, K ATP channels and prostaglandin synthesis. In contrast, the gastroprotective effect of NAC was largely mitigated by L-NAME, weakly suppressed by glibenclamide and almost unchanged by indomethacin treatments (data not shown). It implies that CPA has a much broader spectrum of activity in affording gastroprotection than to NAC.
In conclusion, the results of this study indicate a cytoprotective role for the diterpene, CPA from Egletes viscosa affording gastroprotection against gastric mucosal damage induced by ethanol. Its gastroprotective mechanism is a multifactorial that possibly involves an antioxidant effect through a sparing action on gastric NP-SH (reduced glutathione), stimulation of endogenous prostaglandins and nitric oxide release, activation of capsaicin-sensitive gastric afferents, and K ϩ ATP channels, accompanied by an increase in gastric microcirculation.
